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SUMMARY PAGE

THE PROBLEM

The effects of six tilted and six uw.kave-band ambient noise spectra upon
speaker ;.itelligibillity were studied as each spectrum was presented at ilx different
sourd pressure levels through 125 db. Constant level recordings were made of 48
speakers in the noises and these were subsequently played back to panels of listeners.
The mean speaker intelligibility data -ere subjected to analyses of variance testing
speech score differences attributable to spectra and sound pressure level.

FINDINGS

Generally, as the ambiont noise surrounding talkers is increased in sound
pressure level there is a decrement in speaker intelligibility whether the noise is of a
tilted or an octave-band spectrum. The differences were highly significant statisticall)C
The -3 db per octave tilled spectrum yielded an average decline in speaker scores of
2. 3 percentage points per db between 105-125 db of noise. The most detrimental
octave-bond noise, 1200-2400 cps, averaged 0.75 percentage points lower scores
per db.

Statistically significant differences were found among ech of the two iFectra
types affecting speaker intelligibility. Greater diffur.-nces were exlkibilld among
the tilted spectra thnn among the octave-band noises.
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INTRODUCTION

In keping with tho to.1s specified by TED PEN AE 509049, the effect% of
noise of varying spectru and levels were studied ns they were reflected by speech re-
cOpIton Aif iLiency and by temporary hoorinU loss (9). The otudy demonstrated signlfi-
conr decroments in speech receptioni at the sound pfessura level of the ambient masking
noe Increased; "shaped" or tilted spectra (a certain attenuation or boost Per octave
to a flat, white noise spectrum) were differentially masking to speech whI!e the octave-
band masking noises seldom yielded significantly different reception scres. The three
%hoped spectra most detrimental to speech reception thawed a mean decrement of 3.7
percentage points per decibel increase of ambient sound pressure level above 110 db.

A further step would be to delurmino the effects of shaped u.pectra and octave-
band ambient noise upon the speech efficiency of talkers. Changes in a speaker's vocal
level have ben reported as he oltcmpts to compensate for the loudness of the environ-
mental sound while maintaining ,atIsfactory "self" signal-to-noise ratios (2,3). If the
ombinnt noise levels do not greatly exceed the levels that talkers are able to achieve,
theoretically the signal-to-noise ratios should remain relatively constont (4,6,8).
The observed deviation% from this "constant" ratio, and hence chang~e in speech efficien-
cy, are due probably to thcr*e circumstances in which the speaker could not properly
onuoe the destruct;on effects of the noise or produce sufficient vocal output.

The present study was an attempt to find how ambient noise of six shaped (or
tilted) spectra and of six octave-bands affect the intelligibility of speakers when each
spectrum noise was presented at six sound pressure levels up to 125 db.

PROCEDURE

Four individuals (naval aviation cadets) sei,,ed as s,.okers under oach of ihe
j2 noise spectra, hence, there were a total uf 48 spcokcr:. E-',h tolkc: experienced
the six sound pressure levels. There were two general types of ambient noise, ll
filtered from a "white" noise source- 1) six different shaped or tilted spec.ra, );so slopes
of which were characterized by a) a + 3 db per octave rise, b) a flat or 0 db slope,
c) a - 3 db, d) -6 db, a) -1? dl, and f) a 18 db per octavs slope 2) six octave arods
of noise at )7 5-150 cps, b) 150-300 cps, c) 300-600 cps, d) 600-1200 cps,
e) 1200-2400 .ps, and f) 2400-4800 cps.

Each of the four speakers, talking In each nole spectrum condition, recorded
six lists from either Form A or Form B of the Multiple-Choice intelligibility tests (1,5).
The speakers read on a six-second time Interval beginning with the onsat of one phr-,v
and ending with the onset of the .:cond word grouping, et cetera. The cue Fir reading
wns providd by an electronically timed flashing light. Each list was spoken con- 2
currently with one of the six noise levels, i.e., "quiet" '42 db re 0.0002 dyne/cm ),
105 cb, 110 db, 115 db, 120 db, and 125 db.
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The voice signols of the speakers were picked up by a boom-mounted Alte. 2 1-C
co-ulentar mictophone positioned at the corner of the sub'oct's mouth, out of the breOth

last, and recorded on an Ampex 350 niognetic tape recorder. A relatively constant
conbined vuico and ambient noise signal level was r€iintalned within + 5 4b on the
toi.utding.

The ambient noise levels were Intrduced Into the sound-trealed recording room
in a random order, produced by a 1000 watt noise generating system, the frequency
response of which Is essentially flat from 30 to 23,000 cps. This system was fed from
an H. H. Scott Random Noise Generator, Model 811-A, and modified by either an
SKL Variable Electronic Filter, Model 302, for the tilted spectra noise or a General
Piodio Octave-Band Noise Atiolyzer, Type 1550-A, #or the octave-band noise. The six
sound pressure levels were neasured at the positloi of the speaker's head. Because the
tloke-'s microphone was of a brood-band frequency response type and was tiot of a
"noise-cancelling" variety, the recordings wore a composite of voice signal and the
ambleiit noises.

In order that each speaker could monitor his own side-tone under higher noise
level conditions than he could with a convontional HS-33 headset, each used a David
Clark Co., 400-9D ear muff containing PHR-10 earphones. A single level was set In
the speaker's side-tone circuit nd was not changed from speaker to speaker or during
increases in the ambient noise levels. This condition resulted In minimal side-tone for
most speakers at 120 db noise level and probably none at the 125 db level, especially
when the energies were concentrated In the lower frequency ranges.

To make possible the widest frequency response upon playback, the recordings
were made so that there was a 2 db per octave attenuation below 800 cps to compensate
for playback equalization. The equalizing network was also set to attenuate 10 db at
10,t00 cps minimizing the reflection effect peaked at 8000 cps due to the -'.:n-mounted
microphone position.

The recc.rding of each speaker was played to two panels of listenors, 10-14 per
panal, resulting In a mean speaker score composed of 20-28 listener responses. The
r-.cordings were played back through an Ampex, Model 350, magnetic tape recorder
with the signals amplified by an Aliec 250A control console. This system fed a headset
circuit of matched PDR-8 earphones mounted In NAF-48490-1 doughnut earphone
cushions. Th.e listeners wje in a soundproofed room in which an 85 db sound pressure
level (re 0.0002 dyne/cm ) of ambient ASA white noise was maintained, and they
received the composite signal-noise recordings at a mean sound pressure level of 94 db
under the earphone cushions.

RESII TS

The criterion measures for analysis were the mean speaker Intelligibility scores
under each noise spectrum at each sound pressure level of ambient noise. The results
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fo tilted or shaped spectra types and for octave-bond spectra are reported separately.

TILTED SPECTRA

The clterion measures were treated by an analysis of variance technique termed
by Lindquist as Type I (Mixed Design) (7). A summary of the analysis Is found In Table I.

Table I

Summary of an Analysis of Variance Testing Differences
Among the Effects of Various Shaped Noise Spectra and the

Ambient Sound Pressure Level of the Noise upon Speaker Intelligibility

Source of Variance df S'm of Squares Variance F

Between subjects 23 14,024.68 609.77
B (spectra) 5 14,643.41 2928.68 101.620"

error (b) 18 518.83 28.82

Within subjects 120 31,667.62 263.90
A (levels) 5 16,937.47 3387.53 30.538*
A x B 25 4,746.16 189.85 1.711

error (a) 90 9,983.99 1 lu.93

Total 143 45,692.30

F - msb/mforror (b); significant at the 1 per cent levelo confidence, 5 and 18 df
F - ms/mSrror (v.); significant at the I per ceni level oF confidence, 5 and 90 df

The F ratios for levels (30.54.ond fur spectra (101.62) show differences amung
each signiflcant beyond the I per cent level of confidence. The Interaction F ratio
between spectra and level of 1.71 was non-significant. An examination of mears,
shown In Table II, Indicates a general decren-4nt of intelligibility scores as the ambient
noise level was Increased. Figure 1 is a graph of the mean speaker Intelligibility scores
plotted against sound presv,'7 level with each spectrum as a parameter.

A reversal of the general trend of lower intelligibility scores with Increased
level occurred between the 110 db and 115 db ambient noise level for all spectra except
the -3 d& and -6 dlkoctave nolcs. The general trend was minimal. However, for the
-18 db/octave spectrum there was no trend, and the 115 b noise level scores wsre
h;0her than during the quiet condition.

3



I--

0 cc

0 Of 1000 L~LJ,),iI -iI
~LhJ

%0 - -

2 2 2
A~~,qB~g~4UI UCL.



Table i

Means of Per Cent Speaker Intelligibility Scores Resulting fromi
Ambient Noise Environment of Tilted Specta Variety

Sound Pressure Level
Slope/db/octave Quiet 105 db 110 db 115 db 120 db 125 db Means

+3 90.6 66.2 59.9 67.8 56.1 53.7 65.7
0 (flat) 89.6 72.0 66.5 66.7 55.3 41.4 65.3
-3 90.6 69.3 69.1 62.4 43.7 42.8 62.9

89.6 83.3 72.9 67.7 62.9 48.2 70.8
-12 90.5 87.0 81.0 83.7 75.5 65.4 80.5
-18 92.7 90.7 93.1 96.3 92.0 83.1 91.3

Means 90.6 78.1 73.7 74.1 64.3 55.7

The relative effectiveness of the six tilted noise spectra to mask or interfere
with speech intelligibility can be abstracted generally from the extreme right hand col-
umn in Table II. The function of per cent Intelligibility scores on the ordinate against
spectra along the abscissa is shown In Figure 2. Sound pressure level is the parameter.
The masking or interference of speech under the present experimental conditions could
be ranked as regards spectrum: a) -3 db per octave, the most destructive, averaging
2.3 percentage points decrement per db between 105-125 db noise levels, then b)
flat or 0 db per octave slope, c) +3 db per octave, d) -6 db per octave, e)-1 2 db per
octave, and F) least dc.tULt~ve, -18 db per octave.

The data indicate that both spectra and sour.d pressure level chanons affect the in-
telligibility of spokers who talk in an ambient noise fiald of the tilted n&.ise variety.

OCTAVE-BAND SPECTRA

The mean speech lntelllgibillty mea:ures obtained from the octave-band noise
conditions were treated by the same Type I analysis as the tilted spectra data. The
analysis is summarized in Table Il1.

F ratios for both level and :pectra were significant. The F for differences
attributa'le to sound pressure was 16.87, with 5 and 90 df, signifi-cant beyond the I per
cent level of confidence. The F ratio for differences among spectra was 3.69 with 5
and 18 df, significant at the 5 per cent level of confidence. The ratio for internction
between levels and spectra was also significant at the 5 per cent level of confidence,
2.16, with 25 and 90 df.
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Table III

Summary of on Analysis of Variance Tesling Differences
Between tho Effects of Various Octave-Bond Noise Spectra and the

Ambient Sound Pressure Level of the Noise upon Speaker Intolligihility

Scource of Variance df Sum of Squares Variance F

Between subjects 23 5,763.72 250.59
B (spectra) 5 2,918.i6 583.75 3.69*

error (b) 18 2,844.96 158.05

Within subjects 120 6,778.12 56.48
A (levels) 5 2,504.86 500.94 16.87*
A x B 25 1,601.09 64.04 2.16
error (w) 90 2,672.35

Total '43 12, 541.84
F / mft ,lmrror (b); significant at the 5 per cent level of confidence, 5 and 18 df
F - msAmSerror (w); significant at the 1 per cent level of confidence, 5 and 90 df

The mean speaker intelligibility scores are given In Table IV.' In general, they
indicate for most of the octave-band noises a deterioration of scores with Increased
sound pressure levels. For most spectra, however, changes were minimal or slightly
increased between 110 and 115 elb; see figure 3.

Table IV

Mean Speaker Intelligibility Scores When the
Ambient Noise Environment Was of the Octuve-Band Variety

Sound Pressure Level
Octave Bands Guiet 105 db 110 db 115 db 120 db 125 db Means

75-150 cps 92.6 94.4 91.5 93.2 92.7 92.1 92.7
150-300 89.6 89.8 88.7 88.5 82.3 80.8 86.5
300-600 91.6 82.4 86.5 87.7 85.9 74.9 S4.6
600-1200 93.9 83.5 81.5 70.8 78.3 78.8 82.5
1200-2400 93.7 78.9 80.3 80.1 71.0 64.9 78.2
2400-4800 90.6 92.6 91 1 87.2 85.0 80.0 87.6

Means 91.9 86.9 86.5 85.9 82.5 78.4
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The rInlivo olfctilvenoit of the octave-bonds of noiw In moa~tihd a It cs's
Inl'rlliibllly covid bn ranked from most destructive to oeost deitructive as fklow k
.l 1'00-7400 cps, b) 600-1200 cps, c) 300-600 cps, d) 150-300 cps, e) 2400-4800 cps,
and f) th 75-150 cp. bond. Figure 4 Is a plot of speaker inlellIgIbility 4e. on the
ordinoto and octave-bonds on the abscissa with sound pressure level as the parameter.
The differences between uJjocent bonds ore not large except between the 75-150 cps
and 150-300 cps, and then on the upper end between 1200-2400 cps and 2400-4800 cps.
Generally, the differences between 1200-2400 cps bond and the two adjacent bonds are
greater than for any of the olh.rs.

The analysis of the data for this portion of the study Indicates highly significant
differences resulting frco, u mbient octave-bond noise sound pressure levels upon speaker
intelligiLility. Significan' differences were found for both spectra and interaction
eqfe' s.

DISCUSSION

There Is a high degree of similarity betweon the speaker intelligibility scorr
differences of the present study and the speech reception score differences of the
previously cited earlier study when the values resulting from the tilted spectra and the
octave-bond spectra as a functir-i of sound pressure level are consioered. The two
studies ore not directly comparable since the experimental design and analysis of the
two, although similar, were different. Changes In tilted spectra result in a highly
significant F ratio for speaker Intelligibility and consistently sign:icant F ratios for
speech reception. From the results of the -6dbper octave sloped spectrum it is possible
to abstract an average decrement of scores as the sound pressure level increases. For
ipeaker intelligibility the scores declined 1.75 percentage points per db between 105 and
125 db, while the reception scores (taken from the earlier study) were attenvn'ed 2.0
percentage points per db between 100 and 130 db. Essentially, the earlier ruccp;ion
and the present intelligibility studies compare signal-to-noise relationshipt. in the
teceplion study the signal-to-noise ratios remained constant for the listene.r under a
given noise condition, while in the present study the speaker's vocal level w !t not r.-
stricted except by his own side-tone level and the maximum effort that he could mu.tvr
and ,maintain at the higher ambient noise levels. The observed differences, than, become
ones fat which the speaker could rot -,roperly gauge the destruction effects of the
ambient noise and/or ones for which he was unable to com.pensote.

OCTAVE-BAND SPECTRA

The effects of octave-bond noise upon speaker intelligibility yielded a significant
F ratio (5 per cent level) among spectra. This ratio probably is attributable in a Iorje
measure to the 1200-2400 cps and the 600-1200 cps bond. The significant F for spectra
also may be accoionted for In the significant Interaction ratio, but from an examinotfrn
of Figure 3 It would seem that the Interaction effects could reduce the highly signli'cunt



(fltences attributoble to level to non-significnrce, especially in lie nolse bonrd of
6(0- 1200 cps and 1200-2400 cps,

The %pech reception %cores, howevei, showed no significant dif~,rences foi
spectra below the 115 db level (Y). Differences due to sound pressure level changes
were significant In all octave-bands during the Initial part of noise epcstur., but the
scores elthe, developed plateaus or "bounced" as time- n-nolse wojresed.

In the present study the most destructive octave-band noise attenuating tireaker
intelligibility ( 1200-2400 cps) yielded an avurage, a questiona:le procedure for this
curve, of only 0.75 percentage points per db decrement due to increased noise level.
It is interesting to speculate whether or not one explanation for the difference in speaker
scores (,r this band could be that It contains the second forment frequency region, which
surposedly contributes most to speech sound discrimination. This may account for the
reduction in intelligibility scores of some 15 per cent under a 20 db noise incrriose. The
octave-bands used In the present study may be close enough to the E4ual Articulation
Bonds that discrimination remains relatively unaffected. However, the masking by
octave-bnds could be likened to a "probe masking" technique now under exploraion.
The data from this method indicate that the bond I 100-I1,0 cps is the most destructive
under decreased signal-to-noise conditions. This particular region partially overlaps
the 1200-2400 cps bond of the present study.

TILTED SPECTRA

The decrement of speaker scores under tilted spectra conditions does not appear
to be as systematic as were the comparable reception scores from the earlier study. Par-
hap% the factor contributing most to non-Ilnearity was the speaker adjustment In vocal
output as the level of amolent noise increased, tending to mask side-tone.

One other factur aiding non-linearity and presumedly related to she speaker
vocal-level adjustment was that in the recording process the over-all combined speech
signal and noise was held to a common level which for some speakers could rowslt In, an
Increased signal-to-noise ratio to the listeners. It was observed that during tha spaker
'tcordirig process the step between 110 and 115 b seemed to be the one in which the
umblent masking noise was refuro.ed to the speaker's headset at such a level that the
result was a sharp Increase in speec level. When the composite signal and noise was
adjusted to the common recording level, the result was an elevation of speaker scores
at the 115 & level for most tilted spectra (Figure 1). The -6 & per octave sloped noisc,
incidensally the one most resembling let aircraft noise, aaproached linearity, averaging
1 .8 percentage score points per db. The other spectra, excaot the -3 db p r octavo, hov,
a "hump" at the 115 d ambient noise level.



GENERAL

The relative horizontal linearity of the quiet condition soems to Indicate thot
lIve meltploo-choice Intellilgibility tell lists were not contributing sltolstically to
diffaoences found under the varlous noise conditions of that speakers who cou;d be
classified as highly Intelligible were not stratified in the recording process.

As the experimenters listened to the recorded stimulus tapes and when Individual
%-wakor's scores were examined, certain of the speakers seemed to be able to achieve
%nme vocal condition while tpeaking in nolse which made that individual's speech more
intelligible than that of hit fellows. An extension of the present study it underway using
the combined speech and noise recordings to arrive at some common factors which may be
abstracted trom: a) an analyis of the tapes for signal-to-noise ratios of voices yielding
either high or low Intelligibility scores, voice fundamentl, syllable duration, and
perhaps average peak power; and b) judgments of precision of articulntlon and presence
of certain voice qualities (harsh, pleating, broathy, high or low pitch, et cetera).
Some of the physical measures and/or Judgmental factors may yield hihti as to the
qualities that make for good or poor speakers when they must communicate In a noisy
environment.

CONCLUSIONS

1. Increases In the sound pressure level (quiet to 125 db) of the ambient noise
of various tilted spectra surrounding speakers are detrimental to Intelligibility scores at
a statistically significant ratio, and can be ranked as to their detrimental effects upon
speaker Intelligibility, i.e., -3 db, 0 db, +3 db, -6 db, -12 db per octave sloped nolso,
but not for the -18 db per octave noise at levels below 120 db. These decrements
averaged 2.3 percentage puints per db increase for the -3 db per octave noise ani 1 .8
percentage points per db Increase for the -6 db per octave noise.

2. Statistically sigrificant differences were foun, nmnnj tilted no;se spectra
as to their influence upon Intelligibility.

3. As the sound pressure level of ambient octave-band noise surrounding a
speaker Is Increased, the Intelligihlity scores urc reduced significantly. The noise
band most detrimental to intelligibility was the 1200-2400 cps band.

4. Differences among octave-band spectra were found to be statistically
significant as to #'Seir effect upon speaker Intelligibility.
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